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Scheme 1 Common routes towards aziridines
Most approaches require the existence of a protecting group at nitrogen, which is invariably a sulfonate group such as the tosyl group. Approaches towards N-H aziridines are much less frequent and perhaps the most well known of these is the Wenker synthesis, in which an amino alcohol is first treated with sulfuric acid and then in a subsequent step with base to ring close to form the desired aziridine. This is an attractive route due to the plethora of starting materials readily available either through synthesis of amino alcohols or by direct purchase from commercial suppliers. However, the harsh reaction conditions employed in the original synthesis (treatment with sulfuric acid and vacuum dehydration) have precluded its use in some circumstances.
For example, Xu and coworkers have reported some unexpected products that were obtained after treatment of certain amino alcohols under conventional Wenker conditions, in which vicinal amino alcohols in hot sulfuric acid readily undergo elimination of water. 3, 4 In an improved process In connection with a number of research programmes in our laboratory we required a mild, reliable, cheap and scalable synthesis of a range of N-H aziridines. There are a plethora of reports in this area and we were attracted to the Wenker and related syntheses. [6] [7] [8] [9] Hence we initiated a programme to prepare the aziridines required using the mild conditions reported by Xu and coworkers above. Synthesis of the hydrogen sulfate adducts 1-6 from amino alcohols was straightforward and proceeded in good to excellent yields, employing chlorosulfonic acid in acetonitrile at 0 ºC (Table 1) . However, in our hands the synthesis of the cyclized aziridines proved troublesome, for example, when using the hydrogen sulfate adduct 1 the sole product produced when employing aqueous 6.2 M NaOH or saturated aqueous Na 2 CO 3 at room temperature was phenylglycinol 7. Increasing the reaction temperature to 70 ºC under the 6.2 M NaOH conditions resulted in a 1:1 mixture of phenylglycinol 7 to aziridine 8, which could be further improved, by heating under reflux, to an 84:16 ratio in favour of the aziridine 8.We found that a screen of the NaOH concentration only served to increase the ratio of amino alcohol produced (for example, 12 M afforded a 79:21 ratio in favour of the amino alcohol, see Table 2 ). In an attempt to increase the ratio towards an acceptable and reproducible level of aziridine we opted to add a co-solvent to the reaction, a screen shown in Table 3 shows that the use of toluene under biphasic conditions provides the optimal ratio of aziridine product and an isolated yield of 85% was consistently observed. Having optimized the conditions for aziridine synthesis from phenyl glycinol hydrogen sulfate we then went on to apply these conditions over a range of substrates for aromatic, aliphatic and spirocyclic aziridine formation (Table 4 ). Good to excellent yields were obtained, however, we encountered problems with several substrates due to their volatility hence we opted to isolate these as the corresponding tosylate, with yields over the two steps varying from 55 to 65%.
In order to test the robustness of the procedure we carried out the cyclization of the phenyl glycinol salt 1 on a larger scale (58 mmol), gratifyingly we observed a 80% yield of aziridine. We also carried out the process with enantioenriched starting material and observed complete retention of stereochemical information in the aziridine product Scheme 3 Retention of stereochemical information after the cyclization process. As the initial sulfate salt was prepared in acetonitrile, filtered then re-suspended in toluene before addition of the sodium hydroxide, we were intrigued to find out if the process could be converted to a "one pot" protocol. We therefore dissolved 100 mmol of N-benzylethanolamine in toluene, cooled to 0 ºC and added the chlorosulfonic acid, immediate precipitation of the salt ensued and after 2 h we directly added sodium hydroxide (6 M) and brought the reaction to reflux. After 18 h the reaction was worked up in the usual manner and we obtained 62% yield of the desired aziridine after chromatography. Scheme 4 The "one pot" process.
Conclusions
In conclusion we have developed a reliable and cheap approach to simple aziridines under biphasic conditions. We are now applying this system to a range of aziridines for use in future research areas. 
Experimental Section General Experimental
All infrared thin film spectra were acquired using sodium chloride plates. All 1 H and 13 C NMR spectra were measured at 400.13 and 100.62 MHz. The solvent used for NMR spectroscopy was CDCl 3 (unless stated otherwise) using TMS (tetramethylsilane) as the internal reference.
Chemical shifts are given in parts per million (ppm) and J values are given in Hertz (Hz). All mass spectra were recorded a orbitrap HRMS with an ion max source and ESI probe. Representative Procedure for the Formation of the Aminosulfate Salts: Amino alcohol (10 mmol) was dissolved in acetonitrile (75 mL), the reaction mixture was cooled to 0 o C followed by drop-wise addition of chlorosulfonic acid (1.17 g, 0.66 mL, 10 mmol). The resulting heterogeneous solution was stirred constantly at room temperature for 3.5 h. The reaction mixture was then filtered under vacuum, followed by washing with ethyl acetate and diethyl ether. The filter cake was dried in air under vacuum and then transferred to a RBF and placed under high vacuum to afford the aminosulfate salt as a colorless solid.
2-Ammonio-2-phenylethyl sulfate 1: 10
Colorless solid (1.76 g, 81%), mp 245-246 ºC (lit. 10 General Procedure for the Cyclization to form Aziridines:
N-H Aziridines:
Aminosulfate salt (5.0 mmol), was dissolved in NaOH (40 mL, aq. 
N-Ts Aziridines:
Aminosulfate salt (5.0 mmol), was dissolved in NaOH (40mL, aq. 6 M) followed by addition of toluene (40 mL). The resulting biphasic solution was heated under reflux for acetate, dried over MgSO 4 and evaporated under reduced pressure, followed by addition of p-toluenesulfonyl chloride (0.95 g, 5.0 mmol) and triethylamine (0.51 g / 0.70 mL, 5.0 mmol), the resulting reaction mixture was stirred at room temperature for 12h.
On completion the reaction mixture was washed with water, extracted, dried over MgSO 4 and evaporated under reduced pressure followed by purification by column chromatography on silica, affording the aziridine as a colorless solid or oil.
2-Phenylaziridine 8: 13
Colorless oil (0.51 g, 85%), 1 120.0808, found 120.0807.
2-Benzylaziridine 9: 14
Colorless oil (0.57 g, 85%), 1 
The one pot Protocol:
N-benzylethanolamine (15.2 g, 100 mmol) was dissolved in toluene (300 mL), the reaction mixture was cooled to 0 o C followed by drop-wise addition of chlorosulfonic acid (11.7 g, 6.6 mL, 100 mmol). The resulting heterogeneous solution was stirred constantly at room temperature for 2 h. NaOH (300 mL, aq. 6 M) was added and the resulting biphasic solution was heated under reflux for 18 h with constant stirring. On completion the organic phase was separated and the aqueous phase was extracted with ethyl acetate (3 x 50 mL). The organics were combined, dried over MgSO 4 and evaporated under reduced pressure to afford a pale yellow oil. Purification by column chromatography on silica gel, afforded the aziridine 11 as a colorless oil (8.25 g, 62%).
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